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Abstract—The Ozone Monitoring Instrument (OMI) operates
onboard the National Aeronautics and Space Administration’s
Earth Observing System Aura satellite, which was launched in
July 2004. Like its sister spacecraft Terra and Aqua, Aura’s capa-
bilities include direct broadcast (DB), i.e., the ability to broadcast
data at the same time as they are being measured and stored in the
spacecraft’s memory for later transmission to Earth. The Finnish
Meteorological Institute’s Satellite Data Centre at Sodankylä
in Finnish Lapland is exploiting this capability to receive OMI
data while Aura is in sight of the receiver, which enables nearly
immediate production of OMI data products for a region that
includes a large part of Europe, stretching from the North Pole
to the Italian Alps. The current OMI Very Fast Delivery (VFD)
products include maps of surface UV-B, ozone columns, and cloud
coverage.

Index Terms—Atmospheric measurements, direct broadcast
(DB), monitoring, ozone, satellite, UV-B.

I. INTRODUCTION

THE Ozone Monitoring Instrument (OMI) is a wide-swath,
nadir-viewing, ultraviolet-visible (UV-VIS) imaging

spectrometer onboard the National Aeronautics and Space
Administration’s Earth Observing System (EOS) Aura mission
[1]. Its spectral range of 250–500 nm enables it to record
sunlight scattered from the Earth’s surface, from which one can
derive information about the Earth’s atmosphere, such as the
content of ozone, NO , SO , HCHO, aerosols, cloud heights
and fractions, and surface UV radiation. The broad swath
(2600 km) ensures daily coverage of the entire globe and the
small ground pixel size (13 24 km) presents detailed spatial
distribution not available from earlier missions (for details, see
[2])

The very fast delivery (VFD) concept is straightforward: re-
ceive data as they are being taken, process immediately at a
local site, and make the results available for users through the
Internet. As the EOS Aura satellite flies over the Sodankylä re-
ceiving station the data are directly transmitted and processed
immediately. The direct broadcast (DB) data include OMI mea-
surements over Northern Europe, typically from Northern Italy
to the North Pole (see Figs. 1–4). The local time of the measure-
ment is around noon. The retrieved local atmospheric products
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Fig. 1. Total vertical column ozone map.

Fig. 2. Erythemal UV dose map.

are available from the Internet (http://omivfd.fmi.fi) within half
an hour from the overpass.

Sodankylä (67.48 N, 26.53 E) can be classified as an
Arctic site, often lying beneath the middle or the edge of the
stratospheric polar vortex and in the zone of polar stratospheric
ozone depletion. The Finnish Meteorological Institute’s Arctic
The Finnish Meteorological Institute’s Arctic Research Centre
(FMI-ARC) started a program of regular ozone soundings in
Sodankylä in late 1980s. Regularly scheduled for Wednesdays
at UTC noontime, these sondes happily coincide with the
Aura overpass. In addition, each year some 30-odd sondes are
launched as part of international campaigns.
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Fig. 3. VFD UV-index map.

Fig. 4. Cloud fraction map.

II. VFD PRODUCTS

The VFD products are directed primarily to the general
public. Therefore, selection of the products to be processed
from the DB data is based on the general interest in them.
Although the main scientific interest still rests with the global
products that are produced “offline” (i.e., batch-processed and
available in 3–7 days), quick analysis and reaction are made
possible by the VFD “online” processing, which occurs imme-
diately as the data are received. The broad audience is naturally
most interested on the current UV-radiation described by the
clear-sky UV irradiance and the erythemally weighted daily
UV dose. The other VFD products, also assumed to have wider
general interest, are total ozone distribution and cloud fraction.

The VFD products, erythemal UV daily dose distribution, the
clear sky UV-index, the total ozone column distribution and the
cloud fraction will be available from the Internet in the form of
geographical distribution maps. While it is not planned to dis-
tribute gridded data—at least not at the beginning—UV values
at selected locations in Finland will be given.

A. Surface UV Irradiance

Exposure to UV radiation is known to cause health problems
for humans; examples include eye problems, skin cancer, and
immunosuppression. Today, people want to be aware when the

UV radiation is so high that protection against UV radiation is
needed. The UV products from the VFD processing will give
this information daily based on measurements instead of predic-
tions. Examples of total ozone column, clear-sky UV irradiance,
and erythemally weighted daily dose are shown in Figs. 1–3.

The UV algorithm used in the VFD processing is identical
with the one used in the OMI offline processing for global sur-
face UV products [5], [6]. However, the difference between the
two processing systems is that in VFD processing the ozone
column that is used as the input to the UV algorithm is obtained
using the DOAS algorithm [3], whereas the global processing
uses the ozone column obtained with the Total Ozone Map-
ping Spectrometer (TOMS) ozone column algorithm [7]. The
UV algorithm inherits from the TOMS UV algorithms [4] and
has been further optimized for OMI. The accuracy of the UV
products depends on atmospheric and other geolocation-specific
conditions and varies between 7% to 30%. [6].

B. Ozone and Clouds

In the VFD processing the total ozone column is computed
using the differential optical absorption spectroscoy (DOAS)
algorithm [3], which inherits from the DOAS algorithms used
successfully for SCIAMACHY and Global Ozone Monitoring
Experiment. (GOME) ozone retrievals.

The retrieval of several cloud products is important not only to
end users, but also because these parameters are essential for the
ozone and other trace gas retrieval since the clouds have a strong
impact on the measured signal. An example of the cloud fraction
that is produced in the VFD processing is shown in Fig. 4.

C. Validation

The VFD products are normally in the form of pic-
tures (i.e., maps) and are publicly available on the Internet
(http://omivfd.fmi.fi). Validation of the VFD products included
the following steps.

Step 1) Validation of total ozone relying on the validated
OMI global total ozone products (OMTO3 and
OMIDO3). Simple verification of these datasets
will be performed.

Step 2) Similarly, the cloud fraction product will be com-
pared with the offline OMI global product.

Step 3) The validation of the UV-index will be done by
using two Brewer Instruments located at Sodankylä
and Jokioinen in Finland. In addition, comparison
will be made with the offline global product.

III. SODANKYLÄ SATELLITE CENTRE

The OMI VFD processing is implemented as an element of
the Satellite Data Centre at the FMI-ARC in Sodankylä, Finnish
Lapland (67.48 N, 26.53 E). This facility was initiated as the
Finnish FIN-CoPAC (Processing and Archiving Centre) for the
European Space Agency’s ENVISAT mission, its task being to
produce Level 2 products from the Global Ozone Monitoring by
Occultation of Stars (GOMOS) instrument. Once the GOMOS
processing became operational, processing of data from the
Swedish Odin satellite was started, and now the facility will
also host the data archive for EUMETSAT’s Ozone Monitoring
Satellite Application Facility (O3M-SAF).



LEPPELMEIER et al.: OMI VFD AND THE SODANKYLÄ SATELLITE DATA CENTRE 1285

Fig. 5. VFD processing flowchart.

The latest addition to the facility was the installation of an
X-band receiving station in March 2003, capable of receiving
DB from passing satellites. Sodankylä is very nicely situated
in Northern Europe, and real-time data from nadir-viewing in-
struments on polar-orbiting satellites typically cover regions of
interest to many environmental monitoring applications. When
the possibility of receiving OMI data from EOS-Aura became
apparent, FMI decided to build a dedicated station for this pur-
pose with its own investment funds. An additional bonus that
was noticed quite early was that the data from the two other
EOS satellites (Terra and Aura) could be received with similar
hardware, and both those satellites are carrying the Moderate
Resolution Imaging Spectrometer instrument, whose data are
used in Finland for environmental applications at FMI, as well
as at other institutes.

IV. VFD SYSTEM DESCRIPTION

As mentioned above, the VFD concept is straightforward: re-
ceive data, process it immediately at a local site, and make the
data available for users through the Internet (see Fig. 5). The
implementation of this concept at FMI SDC consists of the fol-
lowing:

— 2.4-m dish antenna, mounted on the roof of the dedicated
building (see Fig. 6);

— necessary receiver hardware and backend processing/con-
trol computers in the same building;

— fast optical fiber connection to the main ARC building,
where the processing facility is located;

— Linux-based processing system, consisting of separate
computing nodes for processing, control, and distribu-
tion/archive;

— fiber-optic based Internet connection (100 Mb/s) to the
world.

The processing is controlled by dedicated control software
developed during the OMI development phase. This software
controls the starting of processing modules and data flow among
them according to predefined process control files. The system
is analogous to those used in the OMI SIPS and Envisat FIN-
CoPAC, and in the SDC case has a user interface that is quite
similar to the GOMOS interface, in order to minimize operator
confusion. The processing chain also includes the steps to place

Fig. 6. VFD receiving station in Sodankylä, Finland.

the products to the local data archive, and generate plots of the
data and put them on the World Wide Web server as needed.
Some of the technical details of the processing system are given
in Table I.

As can be seen from Table I, the production of VFD regional
products can be performed with quite modest hardware. The
receiving system with the 2.4-m antenna can successfully
support X-band telemetry up to 25 Mb/s, in the case of EOS
Aqua/Aura and Terra down to elevation angles of 0 but for
FMI’s internal usage orbits with elevation less than 5 are
not recorded. In practice this means coverage to northern
Italy, with east–west extension depending on the instrument
in question. For OMI the east–west extension is 2600 km (for
one pass). The processing power is sufficient for processing
near-real-time data: even with a large bitrate, the total amount
of data for a single pass of at most 11 min is such that,
for example, for OMI, the processing is typically completed
within 15 min of the end of contact to the satellite. Currently
the OMI products are not archived in the strict sense of the
word. Images of the last couple of days are available until
they are replaced by the new ones. The format used is portable
network graphics (png).

In general, the only difference between the online VFD
processing and the offline processing of global products is
that the auxiliary data used for producing global products
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TABLE I
RECEIVING STATION CHARACTERISTICS

may include some updates that occur after reception of data,
but before processing. The resulting differences are hardly
visible.

V. SUMMARY AND FUTURE PROSPECTS

Originally the small DB receiving station at Sodankylä was
intended as a demonstration of what could be done with
direct broadcast data, and as a pathfinder for a larger facility
that would be capable of full data dumps from polar orbiting
Earth observation missions. It has succeeded eminently on both
counts. The response of FMI’s atmospheric research groups
to preliminary OMI VFD results, and of other research groups
in Finland to similar direct broadcast data from Aqua and
Terra has been very encouraging. We expect that as more
groups become aware of the capability to capture DB data
from polar satellites, the demand for such observations will
grow.

In addition, the experience and ease with which the develop-
ment of the small receiving station has been accomplished will
support the effort to develop a more capable ground station at
Sodankylä ACKNOWLEDGMENT
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